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Description 

and yarns therefrom. ^ ^***orihoH int in US-A-4 533692. In claim 

corresponds to the formula: 
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,t Should be noted that polymers based - 2.5-dihydroxy- -phen^^ 
However, none of the polyrners described therein ^s derr^edf o^^^^^^^^ ^^^^^^ „ 

in view of the poor results obtained when preparing ^^^^'^'Z^^^^ZS^T^^^ high molecular weight from 

should be considered extremely surprising that it is not only I possible to spin fibres 

tetram^opyridlne and 2.5-^iM«xyterePhtha.ic acj^^ poly- 

therefrom which have interesting properties and differ 2 S-dimercapto-p-phenylene di- 
fbenzotl 2-d-4,5-d'lbisthlazole-2,6-diyl-(2,5-dihydroxy-p-phenylene) "^^'"^ J^'°'^.;'ITo!i^^ 
Snd a.5Wdroxyterephtha,ic acid, P^^J*- ^f'fecurring groups of 

At least 50% of the rigid rod polymers according to the P^^^f"' '"^"""^^ 
pyridobisimidazole-2.6<liyl(2,5-dihydroxy-p-phenylene). whUe^ the ^ 

Ts replaced by an arylene which may be substrtuted °;"°^f;J^^*; P^^^^^^^^ 
dazole. benzoblsthiazole, benzobisoxazole. pyndobishiazo^^^^^^ 

to ladder polymers at least 75% of the .^«<="^""9 ajj^^^P^'^^J,^;^^^^^ 

nruTerSttrtr^^rs^^^^ 
n"rdocr*r:te^S;r^^^^^^^^ 

sulphonic acid at 25°C. unless indicated othenwise. • desired, the polymer of 

I, the making of one- or two-dimensional objects, such '^^s^ f^^^^' '^f^^^^ ™ '^^^ ^ Jis at least 

the present invention should have a [^;'l^-^X'sol^^^^i^^^^ 

5.moreparticularly.equaltoorhigherthanabout10.Sotar.op«mumrB8 soinning fibres from the 

poly[pyn':tobis».kiazo,e-2,6-d^l(2,5-dlhy W ^.^^.la^ltr^Lr.r^ over 50 can be 

homopolymer. very good results are obtained it ii.ei 's n'Qner man anoui 

achieved without any special measures having to be taken. nvridobisimidazole replaced, the higher 

Kwasfoundthatthelowerthea^^^^^^^^^ 

iTr^Xe "c^^^^^^^^ a'pXe" wh^ atUt 90% o, the recurring groups corresponds to the 



formula: 
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are preferred, with 100% rigid rod polymers made of these groups being the most preferred embodiment. 

The rod polymers according to the invention can be prepared in a simplified manner as compared with the de- 
scriptions in the aforementioned US patent specifications, US-A-4 533 692 and US-A-5 041 522. The Preparation of 
the homopolymer can be carried out by the incorporation, with vigorous stirring, of an equimolar mixture of 2.5-dihy- 

is droxyterephthallc acid and the trihydrochlorlde-monohydrate of tetraamlnopyridine into strong polyphosphoric acid^ 
Strong pohrphosphoric acid can be obtained, for example, by mixing commercially available polyphosphonc acid and 
P,0. or mbcing phosphoric acid with P2O5. After evacuating several times and letting in nitrogen, the temperature o 
the mixture is slowly heated to 100»-110°C. after which there Is slow evacuation for 15 to 75 minutes to a pressure of 
less than 50 mbar, with care being taken to prevent objectionable foaming during the evaporation of hydrochlonc acid^ 

20 Finally, there is stirring at this reduced pressure at lOO'C for 2 1 ,5 hours, after which over one houn temperature 
is slowly raised to 1 35'C until a virtually clear reaction mixture is obtained. Next, heating is continued untH, after about 
one or Two hours, the polymerisation temperature has risen to above 180-C. If the relative viscosity of the mixture is 
lower than the desired viscosity of S 3.5, preferably > 5 (measured on 0,25 g in 100 ml of methane sulphonic acid at 
25»C), heating Is continued until the desired viscosity is achieved. The polymer is then precipitated in water using a 

25 spinning arrangement, washed wnh ammonia, and dried invacuo, .v,„.,.h=r 
The use of the phosphate salt of tetraaminopyridine as the starting monomer for the polymerization reaction rather 
than the hydrochloride salt is veiy desirable, since HCI need not be removed, with «"e"^"' '"^'^^"a nsksjumg^^ 
early stages of polymerisation. The phosphate salt can be prepared insitu or. e.g.. by converting the hydrochloride to 

phosphate in a separate step. , . ^ cr,.rfK«,«,«,« ituae 

30 tta high n„, is desired, the heating rate during the polymerisation reaction is accelerated. Furtheirnore. 1 was 

found that increasing the final temperature of the polymerisation reaction up to 220'C will gh/e resulting solution 
improved spinning characteristics in the case tetraaminopyridine was used in the form of its hydrochloride or its phos- 

''^^TnTfurther improved embodiment, tetraaminopyridinium dihydroxyterephthalate is used as the starting product 
35 instead of the trihydrochtoride monohydrate of tetraaminopyridine. This salt of tetraamlnopyrkline f 2 5^|hyf;°;;^' 
terephthallc acid can be prepared by adding an aqueous solution of the trihydrochlonde monohydrate of tetraaminopy- 
ridine to an alkaline solutton of 2,5-dihydroxyterephthalic acid with vigorous stirring, said storing '^'^^^f^- 
place without any oxygen being present, followed preferably by cooling, e.g., to between 0°/"'='.^S'C washing w*, 
a suitable degassed medium such as degassed water, and, finally, flushing with nitrogen and dn^ing. The salt so pre- 
40 pared has ven^ good stability. Furthermore, a very high n™, is obtainable, with nr,i of up to 80 being found. Thus using 
this starting product provides a readily utilisable preparative process for the polymer in which the following steps are 
performed: 

a preparing a slurry from the tetraaminopyridinium dihydroxy terephthalate and strong polyphosphoric acid; 
45 b homogenising the slurry so obtained at about 100°C for a period of about 1 hour, 

c continued stirring of the mixture at about 140-0 for about 1 hour; 

d rapidly increasing the temperature to IBO'C to dissolve the remaining 2,5-dihydroxyterephthalio acid while pol- 
ymerising at about IBO'C for >0.3 hours to 2.5 hours, preferably for 1 to 2.5 hours. 

50 Tlie polymer can be prepared in concentrations in the range of 10 to 21 wt.%. If a high molecular weight is desired 

the concentration of the polymer in the polyphosphoric acid solution is preferably somewhat lower, such as about 14-18 
wt % For the making of yams, the concentration is desired to be in the range of 1 2-1 9 wt. /o. 

■ The mixture obtained from the polymerisation reaction can be used directly for spinning or extrusion into fibres, 
films or tapes without any further measures or additions to the mixture being required. Hence, in a Preferred embodi- 

ss ment. the polymer is prepared and spun or extruded in one continuous process, which is a significant advantage over 
other polymers used for the spinning of very strong fibres such as PO'y(P-P»^«"y'e"« ««^«P^'««'^«^«) J° 
solution which can be spun or extruded directly, it is desired that the concentration of PaOg in the P2O5/H2O sohrent 
system is at least 79.5 wt% and preferably not more than 84 wt.% after the reaction has ended. At a concentration of 
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. .h«n 84 wt »/ Of PoO. it may be necessa-y under s«T,e circumstances to have a chain terminator such as benzoic 
Z::^^i:l^^^^o. ,..cZ . o^^^- . preve. .^^^^^^^^^ 

The invention further relates to a polymer compos t.on J',^^^""/ comprising a solution of a 
into one- or two dimensional objects, such as films filaments. ^^Z"^' of P.O. in the 
ILder polymer according to the Invention in a ^^^^^^^ more than s\ wt.%. 

Journal, 1 991 , Vol. 26, No. 4, pp. 265-267. directiv from the reactor to the spinning 

TR^ composition obtained from the polymenzation react on '^^^^^^^J"^^^^^ ^Jj^^ie for the spinning of 

equipment. The technology applied in spinning ^^^f^^^^^J^'l^^^^ ^.Ts^X can be employed, 
the polymer solution of the present invention. E.g., a single f f"" . ^ coagulation bath. Preferably, 
after which the material is extruded through a filter and ^JP'""^;^';^"^ ^rp^cular^^^^^^ 
fibres are spun at increased temperature, preferably between 1°0^"f„^.^'^"°^^^^^^^ ^ g f^om about 10 up 

150 and 250'C. The spinneret may be provided with has a length 

to 1 000, with the size of the spinning holes beuig .n the range ^^/^^^^^^^^^l'^^^^^^^ used. 

between 5 and 500 mm. As a very suitable ^'^S^f prior io or alter washing or in 
After coagulation the fibres c^be wa^^^^^^ 

^^°C^fi.ms or tapes can be made direct, from ^^^^^-^J^^^^ tS^;:^::^:^]^^^^ 
the polymerization reaction. "^-^ f ^ylr of the p^ent invention, or they can be used 

nSe^e^: - " br — ^" 

Futthemiore. the fibres may be cut and used as staple f'bre o, when ^ toss of the 

' mec;^==:r=^^=^^ 
«breibro?rmrirr;r^r^^^^^^ 

T^"Z:LZ rr.. different characterics, e.g.. the t-ile and the tors^na' — 

. The as-spun yams - not ;o'orCora; 2 0 o'Ta. and even'higher than 3.0 

invention were found to have an internal shear modulus equauo ° g significant improvement of the 

GPa. It was found that by a treatment of the yams. "^'"^ j^^^^' "J^f " '^^^^^ as-spun yams in an oven 

mechanicalpropertiescan beobtained. A very s"rt-t^^^^^^^ 3. a temperature equal to 

""TTeTnv'ent^w^ b"e ftrrlstrated with reference to the following examples. They are not .o be construed as 
ts being limiting in any manner whatsoever -k, >,arr.<= nf the riaid rod Dolvmer based on pyridobisimi- 

Tn these examples, the values for the overall density °* "^^^^-^f J^.^jf^^^^fiK with a mixture of degassed 
dazole were determined with ^^^^fjl^f^'^^^^^^^^^^ Ta ^sity of 2967 .cg/m3, in such a 

ortho-dichlorobenzene having a density of 1305 kg/m ^'t, ' toiaoOkoMiS The temperature of the column 

determined. o.r^mcicthPE as determined for the internal shear modulus g test, described 

The E values given in the exapmles is the iz^^ as aeiermuicsu iv^ 

55 in Exampl^XlV, extrapolated to zero strain. 
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Example I 

into a 200 ml glass tubular reactor around which a heating jacket was arranged and which ^'as equipped with the 
necesla^ connecMons for letting in and applying a vacuum, and which further contained an anchor-shaped stirrer 
rrrchamedTs g 0 056 mole) of 2 3.5.6-tetraaminopyridine-lrihydrochloride.monohydrate (for which a preparafon 
Tethodts described ^^^^ in -. Pol Sci. (Pol. Chem.) 11 (1973). 1703). 11 15 g (0.0563 mole) of 2,5-d,hydroxy- 

rarplallc acid (SSL°h a prep aration method is descriU d in AT-A-263 754), 10.98 g of PPs, and 75 48 g o. 84% 
no vDhosXr^acid In 3 hours the temperature was raised to 105'C. followed by one hour's lowering of the pressure 
'o S r^b? whiir,^aSaining a slight now of nitrogen above the mixture. Over the next 30 minutes the 'emporaturo 
waf raTsed ,o 130^C with aH solid^ going into solution. Over 2V4 hours and with stirring, the temperature v.as urther 
Teased o 1 80-C with the first phenomena associated with nemalic flow behaviour already becoming manifest at 1 35 a 
kTef3?Zutes o stirring at a temperature in the range of 180" to 185'C a portion of the polymer was spun while 
anomSJporrcoagulated, fomiing thicker filaments which were pulled from the viscous mixture wrthout the intenrie- 
diarTo a spiking apparatus. After washing with, successh/ely. water, dilute ammonia, and water again, a viscosity of 
4.72 was determined (measured on 0.25 g of polymer in 100 ml of methane sulphonic acid at 25 C). 

Example A 

Preparatton of the phosphate salt of tetraaminopyridine by converting the hydrochloride salt of tetraaminopyridine 

Under nitrogen, 500.0 g of hydrochloride (1.87 moles) were dissolved complete^f in 2 litres of o2'9f"■''^^'^'^I 
Plus 3M g of Sgen-free 8i% phosphoric acid (2 moles). 300 ml of 25% ammonia (4 moles) were added to neutral^e 
*e Ha oresem in the tetraaminopyridine crystals; a further addition of ISO ml of ammonia precipitated the tetraami- 
JopSe phChate pSSSng a Slurry Jher too rich for convenient transfer to a filter. The slurry was filtered with 
sS washSrice with 1 litre of oxygen-f ree water and twice with 1 litre of oxygen-free ethanol. all ""^er n.rogen^ 

Zr ikTwas flushed with nitrogen for 2 hours and the product dried for 25 hours at 50-C. 1 mbar. yielding 266.4 
g of light yellow tetraaminopyridine phosphate, the yieW being 60%. 

Example II 

1 2 52 arams of the phosphate salt of tetraaminopyridine (the monosalt of 2.3,5,6-tetraaminopyridine) as prepared 
in ex^ple Ho ^ grarns of 2.5-dihydroxyterephthalic acid, 61 .37 grams of an 84%-solution of polyph^phonc ac^ 
(sI^Tp'os) i?i5 eegramsol Ze added toa 250 ml glasautoc^ve with an -"<^'f"'^^]^^^'^^^^ 
!Ssevacuated several tiroes and aerated with nitrogen, after which a little nitrogen was added. The obtained slurry 
was heated with stirring, except where indicated othemvise, by the following schedule: 



50 



heating time [hours] 


temperature ["C] 


for period of [hours] 


0.25 


75 


1 


0.25 


140 


3 


0.17 


150 


3 


cooling* 


21 


15* 


0.5 


160 


7 


cooling* 


21 


15* 


2.0 


180 


2 


0.5 


1 220 


2 



* no stimng 



The product was taken from the autoclave, a portion of the polymer was spun, another portion coagulated forming 
thic^ firame:;?s which were pulled from the viscous mixture without the ZZ 
washing with, successively, water, dilute ammonia, and water agam, viscosities of 3.58 and 3.98, respectively, were 

determined. 
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Example 111 

1 2 52 grams of tetraaminopyridine phosphate as prepared in Example A, 1 0.46 grams of 2.5-dihyclroxyterephth^c 
acid. 61% gTr^s of polyphosphoric acid (84% P^Os). 1 5.67 grams of P^Og. and 0.29 grams of tin chlonde were added 
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to a glass autoclave and heated, with Initially slow, then increasing^ ^^P'^^^J^^^S, to lOo-c in 0.33 hours an 
h^t Lperature with stirring for 1 hour. The slurry was then heated to 1 40^C .n 0.25 hours and stirred fo 0.75 hours 
at matTmperature. after which the temperature was raised to l80-ia5»C in 0.25 hours. P^,f 
maximum relative viscosity after about 2.5 hours of stirring at 180»C. The product was released after a total of 4.5 
ho™ St rring at 180-C. A portion of the polymer was spun, another portion coagulated, forming thicker f.laments 
S were puL from the viscous mixture without the intermediary of a spinning apparatus. After washing w.th. sue 
cessively. water, dilute ammonia, and water again, a viscosity of 14.2 was determined. 

Example B 

Preparation of tetraaminopyridinium dihydroxy terephthalate 

In degassed water under a nitrogen atmosphere, the following solutions were made: 

a) 9.91 g of 2.5-dihydroxyterephthalic acid and 6.05 g of NaOH in 140 g of water, by heating with stirring to about 

50'*C; , , ^ 

b) 1 3.33 g of tetraamino pyridine hydrochloride in 95 g of water, at room temperature. 

With vigorous stirring and without the introduction of any air b) was added to a), producing a rich yellow Precipitate^ 
After further adiabatic stirring for 5 minutes, the slurry was cooled, with stirring, to about 10-C and filtered washed 
three t^es with about 250 ml of degassed water and twice with degassed ethanol. all this without the introductu^n of 
Lrflushed wE nitrogen for 45 minutes, and dried at 1 mbar. 50»C for 18 hours to produce 16.56 srams (which cor- 
Te^onTxo a yield of 98.2%) salt of tetraaminopyridine and 2.5-dihydroxyterephthalic acid. This salt showed a 1.1 
tetr^m^^^^^^ acid composition in NMR. It was found possible to po^merise it o very 

hTgrOP p^^^^^ under standard conditions. Storing the salt of tetraaminopyridine and 2.5-dihydroxyterephthalic acid 
samples under air instead of under nitrogen showed only slow deterioration of its colour. 

Example IV 

185.51 grams of the salt obtained from Example B. 1 .0 gram of tin powder, 732.41 grams °' 84%-p°lypho^ph^^ 
acid and 124 06 grams of PPs were heated in 0.25 hours to 100°C. with stirring, and kept at 100'C or 0.75 hours 
wWSng at 2, increasing ?ate. The slurry was further heated to 140»C in 0.67 hours and kept at that temperature, 
w tJ S fo^r^^her 55 minutes. The temperature was further increased to 180'C in 0.33 hours the slurry was 
sttr^ at that temperature for another 2.25 hours, after which the contents of the autoclave were fed to a storage 
ch^ber of a polymer extruder. A little po^rmer was taken from the autoclave to detemiine the n„,. wh«h was found 
to be 31 .6. 

Example V 

in the same way as indicated in Example IV, 13.79 grams of tetraaminopyridinium dihydroxy terephthalate 3.23 
□rams of the phosphate salt of tetraaminopyridine, and 2.28 grams of terephthalic acid, 0.1 3 grams of t.n powder, 57^31 
g ams2 84%.poJphosphoric acid, and 13.49 grams of P,0, were heated in 0.25 hours to 100' C, with st-rnng and 
kepTat this tempeTSure for 0.9 hours, with stirring. The slurry was further heated to a 1 4^C ,n O/^J-- -"^'^^^.^ 
that temperature, with stirring, (or another 55 minutes. The temperature was further increased to 180 C in 0.33 hou« 
and thT slurn^ vJas stirred It that temperature (or another 2.5 hours. The n„, o( the copolymer compns,ng 25% 
terephatalic acid was 6.77. 

Example VI 

Example V was repeated in such a manner that a copolymer comprising 50% terephtalic acid was prepared. The 
Tlrei ot the copolymer prepared was 4.19. 

Example VH (comparative) 

Example V was repeated, except that 4.89 grams of tetraaminopyridinium dihydroxy terephthalate 10.36 grams 
of the phosphate salt of tetraaminopyridine. and 7.33 grams of terephtalic acid were used. The n^ei was determined to 
be 1.15. and, hence, very unattractive for any purpose. 
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Example VII! (comparative) 

Example VII was repeated, but instead of the tetraaminopyridinium dihydroxy terephthalate. the phosphate salt of 
tetraaminopyridine was used together with terephtalic acid in the amounts required to make the homopolymer of 
tetraaminopyridlne and terephtalic acid. The reaction products obtained were neither liquid crystalline nor homogene- 
ous, comprising a substantial amount of solids, and had an ti^, of less than 1.1. 

Example IX 

The polymer obtained from Example IV with a polymer concentration of 1 4 wt.% was fed at a temperature of 1 95'C 
to an 0 6 cc metering pump by means of a 19 mm single screw extruder. The polymer was passed through a 25 ^im 
filter package and subsequently extruded at a throughput of 6.5 cc/min and a temperature of 205»C through a spinneret 
containing 40 spinning holes of a diameter of 1 00 ^m. 

Fibres were produced by a dry-jet-wet spinning technique, with water being used as the coagulation medium. The 
air gap length was 20 mm. the draw ratio in the air gap 4.65. The fibres were wound onto a bobbin, and washed with 
water for 48 hours, neutralised with ammonia, and washed again. These undried fibres were used for further testing 
as described in Examples XII and XIII. 
The maximum draw ratio in the air gap attained was 12.8. 

Exampie X 

From the polymer obtained in Example IV. fibres were produced as described In Example IX by spinning through 
a spinneret containing 40 spinning holes of a diameter of 100 ^m and an air gap of 20 mm and coagulation in water, 
in the air gap. no drawing by the use of force from a godet took place. The virtually undrawn fibres were wound on a 
bobin were washed in water for over 48 hours, neutralised with diluted aqueous ammonium hydroxide, washed again 
with vJater of SO-^C. and dried. The nrei was determined according to the procedure indicated above and found to be 29. 3. 

Examole XI 

Filaments were taken from a series of as-spun wet yams prepared as described in Example IX. except for the 
draw ratio \ in the air gap. and the properties were measured. The draw ratio in the air gap and the results of the 
measurements are as indicated below In Table I. The test procedures were carried out on single filaments taken from 
one yam and were carried out on a Zwick draw bench type 1 445. with a length between the clamps before elongation 
of 100 mm and a pre-tension of 5 mN/tex. The drawing for the tests is carried out at a speed of 10% length increase 
per minute. In this and further examples, a^, is the tensile strength at break, t^, is the elongation at break. Ej is the 
initial modulus, i.e. the modulus detennined at the range of 5 - 25 cN/tex. 

Table I 



sample code 


X 


Count [dtex] 






E, [GPa] 


Eson [GPa] 


A 


4.6 


6.8 


2.3 


2.4 


134 


153 


B 


11.9 


2.6 


1.7 


1.4 


151 




^(40) 


11.7 


2.8 


2.3 


2,3 


143 


164 



45 Example XII 

The wet as-spun yams of Example IX were subjected to an aftertreatment at increasing temperatures as indicated 
in Table II Thereto, a yam was placed in a tube oven with the heat being applied over a length of 600 mm. One end 
of the yam was fixed, and to the other end a weight of 1 .084 kg was applied for at least one minute. 
so Accordingly, heat treated yams were prepared and the mechanical properties of single filaments - taken from the yarns 
- gave the test results - measured as indicated in Example XI - listed in Table 11. These results are the average for 20 
single filaments measured. Where the results are the average for 40 single filaments, this is indicated as (40). 
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Table II 



sample code 




Count [dtex] 


<7br [GPa] 


ebr[%l 


Ej [GPa] 


Eson [GPa] 


A(40) 


20 


6.9 


2.3 


2.9 


124 


148 
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Table II 


(continued) 










sample code 




Count [dtex] 


Obr [GPa] 




Ej [GPa] 






B 


100 


6.8 


2.3 


1.7 


159 




5 


C 


200 


6.5 


2.6 


1.9 


175 






D 


300 


6.1 


2.6 


1.5 


196 






E 


400 


5.9 


3.1 


1.9 


187 






F 


500 


6.1 


2.6 


1.5 


186 




10 


^(40) 
H(40) 


600 
500* 


5.8 

6.3 


2.7 
2.8 


1.6 
1.7 


193 
189 





•This sample was drawn by the use of a weight of 1 .084 kg for 10 minutes 
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Example XIH 

As-spun yarns, washed and neutralised but undried. obtained from Exan^ple IX. with a draw ««« ^^f i" ^J* f 
qap were subjected to a heat treatment. Thereto, the wet yam was wound using a high prec«.on roller set at a vek«.ty 
of 1 75 meters per minute. A sufficient number of windings was applied, so that no slipping <=0"'d occur. For the treat- 
ment, an oven with an internal length of about 1 metre and a temperature set at 600-C was ^PP'-^'^J^,^ 
flushing through. The temperatures indicated in Table III are the maximum temperatures measuredjn c^en at tne 
moment of the treatment. The yam was drawn in the oven using a second roller which was .dent^cal to he first one 
th^Jeed of the second roller being set at a velocity which was 2.2% higher than the first one. The test procedures 
wore carried out the same way as described in Example XI. « . . 

T^e average oHho count of 40 filaments was 5.6 dtex. the average tensile strength was 2.6 GPa. the elortgation 
at break 1 .2%, the initial modulus 222 GPa, and the sonic modulus 254 GPa. 

The irregular extrusion due to corrosion phenomena nothwithstanding. the mechanical properties were very high. The 
results are given below in Table III. 

Table 111 



sample code 


Count [dtex] 


Obr [GPa] 




Ei [GPa] 


A 


5.6 


2.5 


1.1 


238 


B 


5.9 


3.1 


1.4 


224 


C 


5,1 


2.9 


1.3 


218 


D 


5.6 


3.0 


1.4 


218 


E 


5.7 


2.6 


1.2 


221 


F 


5.4 


2.5 


1.1 


230 


G 


5.1 


2.9 


1.4 


211 


H 


5.8 


2.7 


1.1 


235 


1 


5.3 


3.4 


1.6 


211 


. J 


5.3 


2.7 


1.3 


237 


K 


5.6 


3.0 


1.4 


221 
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Example XIV 

To demonstrate that the products of the present invention have mechanical properties unique to an or^nic polymer 
fibre fibres prepared according to the method described in Example IX. fibres prepared according to Examples XII 
and XIII. and prior art fibres were tested using an Internal shear modulus test, which involves the measurement of the 

sonic modulus as a function of the applied tensile strain. ^ . , , ^„„,^r., ^hor 

By detemilnation of the internal shear modulus, g. a venr good indication can be given of ^f^eral different char- 
acteristics. e.g.. the tensile modulus, the torsional modulus, and the axial compresswe strength of he f'bre are ai 
positively correlated with the internal shear modulus. Thus, the internal shear modulus is a very surtable Parameter for 
compariL of the mechanical properties in general of the present fibres with those of the strong fibres known in the 
art such as poly(p-phenylene benzobisoxazole) and poly(p-phenylene terephthalamide). 

The value of the internal shear modulus, g. can be determined from plotting the sonic compliance against the cha n 
orientation parameter measured for fibres with different degrees of orientation by X-ray diffraction, or from the curve 
representing the sonic compliance versus the rotational strain. 
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slope a of the curve representing the sonic compliance. &-taoo ■ vb'*"" 



wi,he„,being,hechainmcK.u.usandothe,ensilestres8.Thesonter.odu.usE„„isthevalue.orthe.r,odu.usca.cu.a^^^ 

from the velocity of sound, v, by the equation: 



Where » is the density of the fibre and v the velocity of sound in the «bre^ This velocityis the propagation velocity of a 
S sonic pulse as measured according to the procedure described in the next section. 
The equation for the sonic modulus E„„ of an oriented fibre is given by: 



2 



1 <sin <(>£ 
eT^e:* 2g 



'son 



For a well oriented fibre the tensile strain is given by the equation 



^ <COS<I»>-<COS<I>Q> 

^= El"*" <cosOo> 



equation: 



AS_ _ - 1 

'rot 



« - AE^, - eg 



. ^ I- i /c in thfl Strain interval described below, and Ae^t is the change in 

wherein AS is the change of the compliance 1 E „ in ^^^^^f^^'" '^^^ ^^^^^^ versus the strain. 

<cosO>-<cosOq> 



^ <cosa»o> <sin^Oo>p-<sin^a»E 



Where .he averages <cos.> and oin^-E are taKen over the st.in in^jva, in the sonic modulus versus the strain 

cun,e as specified below. For the fibre of '^'^ '"^^"1;°" ''^"j^"^^^^^^ from the initial stope a of the sonic 

Using the equation for a given above, the shear modulus, g. is caicuiaieu no 

compliance versus the rotational strain curve. manually or automaUcally driven tensile 

The internal shear modulus can be determined by the °' f""^!? '"^.^ ^j^^g ^le extension of the fibre, 
testing machine equipped with a sonic device J« S^c^l, T^TeCge len^^^ tested bundle is 

The testing machine is equipped with one movable clamp and a ^J^^^.^^..^ ^^^^^f.^^ in ASTM E83. 
1 800 mm or more. The tensile testing machine is equ^ped -^^f^;~,te ^^^^^^ with an accuracy 

The fixed and the variable error ^ ^^?rfir. CSic pu^us^d^^^^^^^ of the velocity of sound 

of ± 1% of the maximum indicated value of the test. The sonic puise useo 
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.as a distinct firs, pea. T.o nsing edge o, ^"-^^l^^^^^^^ t;:^::^^ 
^s. The sonic velocity is determined by measuring the P'°.f ^^^t!,'^^^ ot more than 1 .0 meter The 

more than 1%. ti^\ «f tho rhain axes in the fibres tested is measured by 

The shape and the width of the orientation ^''^*'''''^J^'^^°'^^^^^^ using a flat plate camera 

maKIng an X-ray detraction pattern °' ^ f^f "rT^ u ' " -T^^^^^^^^^^ Po.vmer Science. (Malabar, 
in accordance with ^^1^'°-^;;'''^^"^^ 1 MSrCazimuttel distribution of the main equatorial rellec'tlon in this 

Strction p^trwTth"^^^^^^^^^ - — - — '^^^ °' 

^''^^The nnear density o, the fibre . measured by weighting a fib.^^^^^^^ 

,rom the fibre which is fixed on a flat surtace under a ^^^'^:':^^l':^r.Zt Is measured by the use of a 
°b^irc::Cr:ci^:n"o^ r ra 'T °T;rr«;m7M . expressed in mg. The count o, the sample is calcu.ted 



in dTex by 



s 



count = 10. Q-= 



The sonic modulus is detem^ined by the following procedure: 
the conditioned yam is clamped In the tensile ^^^^^^^^ " ousted wrth respect to 

sonic modulus strain test is determined at pre-stress f^*^XJnbrlT"nSea^^^ stepwise by steps smaller than 
the length of the yam at the specified ^'^''T, TZl te sZ^ and the vel2:ity of sound o1 the filaments 

rrireSTe'^ji:^;™^^^^^^ - — - 

"^'rerh:::re';otationa.straU,.e„..^ 

The value for a is detemiined by calculating the most /^to 5 1 0^ for the fibre strain. The 

the «rtational strain by linear regression on the data PO'nts 'n the inteo/al 5.10^ to 5.10- 
correlation coefficient of the regression must be higher than aas. formulae, is determined for 

The value of the ^j--^^^^^^^^^^ o, these three or more 

Test of the fibres 

The numbers in parentheses are the estimated standard deviations from the average, using the Students' t-test 

^'^r^!:':^Z'::Z^'^^^us. B,. used . ... ca.cu^tion of the g value from the.son^ complice versus 
rotational strain curve is 475 GPa for the fibres of the present invention. 

Fibres without an aftertreatment 

As-spun fibres obtained as described In Example XI A and Example XII A were tested according to the above 
method. The Internal shear modulus values measured was 3.9 (0.4) GPa. 

Fibres with an aftertreatmerrt 

SamplesobtainedasdescribedinExampleXVDandExampleXlllwerealsotestedaccordlngtotheabovemethod. 

The internal shear modulus measured was 4.6 (0.6) GPa. 
Comparative 

30 holes with a diameter of 70 jim each. The draw ratio X was 2.7, the take up speed 2.7 metres p 
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T^l ~he°a'r ^o^ZoZ heat treated polymer was determined to be , .5 (0 1) ^-^a/- jjf^^^^^^^^ 
fibrel frealed ?n the same way as described (or ,he fibres o. Example Xl.l. the the g value was determined to be 2.3 

(0.3) GPa. 
Example XV 

TWO batches o, poiymer were prepared in the -e manner ^^^^^^^^^ 
so obtained had a "^^^l^^^^^^^ ''°'vmer was passed 

through a spinneret containing 40 spinning holes «'f^«''^!.»«!,°*J^=i^:,^* Jas 30 mm, and the 

„ jzrrsr^J ™ ~ ^ 

one. the speed of the second roller being set at a velocity which was 0, 0.5. 1 .0. 1 .5. 2.0. and ^.^ resp 

: Sc'n^^ulus or this series was determined by the procedure indicated above. The results are given in Table 

IV. 

Table IV 



40 



sample code 


elongation after heat treatment [%] 


Eson [GPal 


A 


0.0 


181 


B 


0.5 


213 


C 


1.0 


241 


D 


1,5 


226 


E 


2.0 


246 


F 


2.2 


240 



45 



SO 



Claims 



1. A rigid rod polymer In which at least 50% of the recurring groups corresponds to the formula: 

HO. 




55 



2. 



A «XJ polymer according to claim 1, characterised in that at least 50% of the ^/^"P!,;^^^^ 
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benzobisimidazole. benzobisthiazole, benzoblsoxazole. pyridobisthiazole. and/or pyridobisoxazole. 

-I ♦ i^,^ 1 rsr o rharacterised in that at least 75% of the recurring groups is composed 
of pyridob.simidazole-2.6-diy (2.5 <"^l°'°^J'^ cubstiiuted or not and/or the pyridobisimidazole is replaced by 

composed of Pyndobisimida201e-2,6-diylt2.5-dihx*o)q^ P phenyi^^^^ the pyridobisimidazole is 

rp^-drr:^i=- ^^^^^ and,^^yridobiso.a.o.e. 

5. Arodpo,ymeraccordingtoc.aim3or4.charac.erisedin.hatthearylene^^^^^^ 

a divalent radical left after removal of the carboxyl groups of an arylene d-carboxylio acid. 

^ Hoim «; characterized in that the dicarboxylic acid is selected from the group consisting 

7. A rod potymer according to claim 1 . characterised in that it consists of the recurring groups of pyridobis.m.dazole- 
2.6-diyl(2,5-dlhydroxy-p-phenylene). 

8. A rod poVmer according to any one of the preceding clams, characterised in that the polymer has an n„. > 3-5 
(0.25 g/dl in methane sulphonic acid at 25'C). 

than 84 wt.%. 

10. A polymer composition according to cteim 9. characterised in that the concent^tion o1 rod polymer in ft is in the 
range Of 10 to 21 wt.%. 

strong polyphosphoric acid solution. 
^2 Aprocessfortheprepa^tionofarodpolymeraccordlngtoanyonaofclaimsl^^^^^^^^^^^ 
S p^pared by the polymerisation of tetraaminopyridinium dihydroxy terephthalate. 

13. A process for fabricat«g shaped products, in which process a polymer composition according to claim 9 or 10 is 
extruded or spun. 

14. A process according to c^im 13. characterized in that the shaped product Is selected from the group consisting 
of films, filaments, and yams. 

15. Aprocessaccordingtoclaim13.characterisedinthattheextrudedproductistreatedundertensionatatempe,ature 
higher than 200' C. 

16. An Object with at least one small dimension such as fibre, tape or film, characterised in that the object comprises 
a rod polymer according to any one of claims 1 to 8. 

17. An Object according to claim 16. characterised in that the object consists substantialV of a rod polymer according 
to any one of claims 1 to 8. 

or higher than 2.0 when measured directly after the fibres have been obtained. 
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1 9 An obiect according to any one ot claims 16-17. characterised in that the object is prepared according to a process 
acccJS'o cC 1 3 o' 14 and has an intemal shear modulus, as detem,«ed in accordance w.th the descr.pfon, 

higher than 3.0. 

20. An object according to claim 19. characterised in that the object has an internal shear modulus, as determined in 
accordance with the description, higher than 4.0. 



Patentanspruche 

1. Steifes Stabpolymer. in welchem mindestens 50% der wiederkehrenden Gruppen der Formel 



HQ 




OH 



entsprechen. 



2. 



3. 



4. 



c^t^hoolvmer nach Ansoruch 1 dadurch gekennzeichnet. dass mindestens 50% der wiederkehrenden Gruppen 
rPySZ^^^^^^^^ bestehen und das 

rrrtii^Ln fsruonan ersetzt ist durch ein gegebenenfalls substituiertes Arylen. und/oder das Pyndobisimiaazoi 
S SenzbSciL^^^ BeUisoxazol. Pyridobisthiazoi unCoder Pyr^obisoxazo. ersetzt .st 

Qtahnoiumar nach Ansoruch 1 Oder 2, dadurch gekennzeichnet. dass mindestens 75% der wiederkehrenden Grup- 
Stabpolyrner rwwh Anspri^ 1 ooe^^^^^^ 2.5-Dihydroxy-p-phenylen in 

Z ^^lic^en^ruTe^ri^^^^^^^^^^^ -istituiertes A-ylen und/oder das Pyrodobi«midazo. 

furch ifn^blLmSo; Benzbisthiazol. Benzbisoxazol. Pyridobisthiazoi und/oder Pyr«ob.soxazol ersem .st 

Stabpolymer nach einem der AnsprOche 1 -3, dadurch gekennzeichnet. f -^,"^"2^^^^^^^^^^^^^ 

den Gruppen aus Pyridobi8imidazol-2.6Kiiyl-(2.5-dihydroxy-p-phenylen) bestehen und "^^^ '^"'^ 

? „ H^rr^fiirhL f5ruDDen ersetzt ist durch ein gegebenenfalls substituiertes Aiylen undAxJerdas Pyrodobis- 
Eollrc^^^^^^^^^^^ elnzUxazol. Pyr^ob.th^o, und/oder PyrWobis<»cazo. er- 



setzt ist. 



bieibt. 



E^pSwi-S^n^ure. 2.6-Chinolindicarbonsaure und 2,6-Bis-(4-carboxyphenyl)-pyndob,srr,.dazol. 

7. Stabpolymer nach Anspruch 1 , dadurch gekennzeichnet. dass es aus wiederkehrenden Gruppen von PyrkJobisi- 
midazol-2.6-diyl-(2,5-dihydroxy-p-phenylen) besteht. 

8. Stabpolymer nach einem der vorangehenden AnsprOche, dadurch gekennzeichnet. dass das Polymer ein „„, > 
3 5 (0.25 g/dl in Methansulfonsaure bei 25°C) hat. 

hLen CrQche in Po^phosphorsaure entha«, wobei die Konzentratton von P^, .n dem P^Os/H^O-Losungs- 
mittelsystem mindestens 79,5 Gew.% und nicht mehr als 84 Gew.% betragt 
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10. Polymerzusammensetzung nach Anspruch 9. dadurch gekennzeichnet, dass die Konzentration des Stabpolyme- 
ron im Bereich von 10 bis 21 Gew.% liegl. 

11 Verfahren zur Herstellung eines Stabpolymeron nach elnom der vorangehendan Anspruche dadurch gekenn- 
zelchnel. dass das Polymer aus Phosphatsalz von Tetraaminopyridin und 2.5-Dihydroxyterephthalsaure in oiner 
starl^en Polyphosphorsaurelosung hergestellt wird. 

12 Verfahren zur Herstellung eines Stabpolymeren nach einem der Anspruche 1-8, dadurch gekennzeichnet. dass 
' das Polymer durch Polymerisieren von Tetraaminopyridinium-dihydroxyterephthalat hergestellt wird. 

1 3. Verfahren zur Herstellung von geformten Produkten, bei welchem Verfahren eine Polymerzusammensetzung nach 
Anspruch 9 Oder 10 extrudiert Oder versponnen wird. 

14. Verfahren nach Anspruch 13. dadurch gekennzeichnet, dass das gefomite Produkt gewahit ist aus der Gruppo 
bestehend aus Filmen bzw. Folien. Filamenten und Qarnen. 

15. Verfahren nach Anspruch 13. dadurch gekennzeichnet. dass das extrudierte Produkt unter Spannung bei einer 
Temperatur von Ober 200*C behandelt wird. 

16 Gegenstand mit mindestens einer geringen Abmessung. wie eine Faser. ein Band, eine Folie Oder ein Film, dadurch 
gekennzeichnet. dass der Gegenstand ein Stabpolymer gemSss einem der Anspruche 1 bis 8 enthalt. 

17. Gegenstand nach Anspruch 16. dadurch gekennzeichnet, dass der Gegenstand im wesentlichen aus einem Stab- 
polymer nach einem der AnsprOche 1 bis 8 besteht. 

18 Gegenstand nach einem der Anspruche 16-17. dadurch gekennzeichnet. dass der Gegenstand nach einem Ver- 
fahren gemass den AnsprOchen 1 3 oder 14 hergestellt ist und einen Innenscherungsmodul, bestimmt gemass der 
Beschreibung, glekjh oder grdsser als 2.0 besilzt. wenn er direkt nach der Bildung der Fasem gemessen wird. 

19 Gegenstand nach einem der AnsprOche 16-17, dadurch gekennzeichnet, dass der Gegenstand nach einem Ver- 
fahren gemass den AnsprOchen 1 3 oder 1 4 hergestellt ist und einen Innenscherungsmodul. bestimmt gemass der 
Beschreibung, von grosser als 3.0 hat 

20. Gegenstand nach Anspnjch 19. dadurch gekennzeichnet, dass der Gegenstand einen Innenscherungsmodul. 
bestimmt gemass der Beschreibung. von grosser als 4.0 hat. 
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Revendlcations 

1. Un polymfere rigide en bStonnet dans lequel au moins 50% des groupes r6currents correspondent k la formule: 



45 



HO. 




so 



ss 



2 un polymere en batonnet selon la revendication 1 . caracterise en ce qu'au moins 50% des groupes, r^corrente 
sont constitu6s de pyridobisimidazole-2,6-diyl(2,5-dihydroxy-p-ph6nyl6ne) at que dans le 
1 .5-dihydroxy-p-ph6nyl6ne est remplace par un arylene qui peut Stre substltue ou non «'/°"J\Py"'?°'''^^°'^ 
est remplace par un benzobisimidazole, un benzobisthiazole. un benzobisoxazole, un pyridobisthiazole eVou un 

pyridobisoxazole. 

3. Un polymere en batonnet selon la revendication 1 ou 2, caract6ris6 en ce qu'au moins 75% des groupes recurrente 
sont constituds de pyridobisimida20le-2,6-diyl(2,5-dihydroxy-p-ph6nyl6ne). et que dans le restart des groupes. le 
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2 5.dihydroxy-p-ph6ny»ne est remplac* par un aryldne qui peut dtre substitud ou non et/ou le pyridobisimidazole 
est rempa^^par un benzobisimidazole. un benzobisthiazole. un benzobisoxazcle. un pyridob.sth.azole et/ou un 
pyridobisoxazole. 

4 Un polymere en bStonnet selon I'une quelconque des revendicatlons 1 k 3, caracterise en ce q"'^" /""'"/^OJo 
des groupes rScurrents sont composes de pyridobisimidazole-2.6-diyl(2.5-dihydroxy-p-phenylene) et que dans es 
groupes restants. le 2.5-dihydroxy-p-ph6nyl6ne est rerT,p.ac6 par un arylSne qui peut dtre 

le pyridobisimidazole est remplac6 par un benzobisimidazole, un benzobisthiazole. un benzob.soxazole. un pyn- 
dobisthiazole et/ou un pyridobisoxazole. 

5 Un polymfere en batonnet selon la revendication 3 ou 4. caract6ris6 en ce que I'afyl6ne qui peut Stre subsiitue ou 

■ non reprssente un radical divalent restant apr6s |-elimination des groupes carboxyles tfun ac.de arylene dicar- 
boxyiique. 

6. Un polym&re en batonnet selon la revendication 5. caract6ris6 en ce que I'acide carboxylique est choisi dans le 
groups consistant en acide isophtalique; acide t6r6phtalique. acide 2,5-pyridine d^arboxylique a-^'de 2,6-naph- 
falftne dicarboxylique. acide 4.4"-diphenyl-dicarboxylique, acide 2.6-quinol6me dicarboxylique et 2.6-b.s(4-carboxy 
phenyOpyridobtsimidazole. 

7. Un polymdre en batonnet selon la revendication 1 , caract6ris6 en ce qu'il consisle en les groupes rdcurrents de 
pyridobisimidazole-2.6-diyl(2.5-dihydroxy-p-ph6nyl6ne). 

8 Un polymSre en batonnet selon I'une quelconque des revendications pr6c6dentes, caractdrise en ce que le poly- 
mere prdsente un ti„|>3,5 (0.25 g/dl dans I'acide methane sulfonique a 25°C). 

9 Une composition de polymdre qui. du fait de sa viscosity, convient pour etre extrudee en fibres eUilms. tadlte 

■ compositton comprenant une solution de polymere en batonnet selon I'une ou plusieurs des ^^^end^a^ions pre- 
cMentes dans I'acide polyphosphorique, avec une concentration de P^s dans le syst6me solvant PaOg/HgO d au 
moins 79,5% en poids et infdrieure k 84% en poids. 

10. Une composition de polym6re selon la revendication 9. caract6ris6e en ce que la concentration en polym6re en 
ttatonnet est comprise entre 10 et 21 % en poids. 

11. Un pioc6d6 de pr6paration d'un polym6re en batonnet selon une quelconque des revendications pr6c6dentes, 
caract6ris6 en ce qu'on prepare le polymfere k partir du sel phosphorique de tetraaminopyndine et d acide 2.5-di- 
hydioxyt6rephtalique dans une solution forte d'acide polyphosphonque. 

12 Unproc6d6de preparation d'un polymSre en batonnet selon I'une quelconque des revendications 1 a8.caract6ris6 
' en ce qu'on pr6pare le polym6re par polym6risation dihydroxy t6rephtalate de tetraaminopyndinium. 

1 3. Un proc6de de fabrication de produits fasonnes. dans lequel on extrude ou file une composition de polym6re selon 
la revendication 9 ou 10. 

14. Un proc6d6 selon la revendication 1 3. caract6ris6 en ce que le produit fagonnd est choisi dans le groupe consistant 
en films, filaments et fils. 

15. Un procede selon la revendication 13. caract6rise en ce que le produit extrude est traite sous tension a une tem- 
perature sup^rieure a 200'*C. 

16. un objet ayant au moins une petite dimension telle que fibre, ruban ou film, caract6ris6 en ce que I'objet comprend 
un polym6re en batonnet selon I'une quelconque des revendications 1 a 8. 

17. Un objet selon la revendication 16, caracterise en ce que I'objet consiste essentiellement en un polymfere en 
batonnet selon une quelconque des revendications 1 a S. 

1 8. Un objet selon une quelconque des revendications 1 6 et 1 7, caract6ris6 en ce que I'objet est obtenu par un proc6d6 
selon une quelconque des revendications 13 et 14, et a un module de cisaillement interne, ddtermine selon la 
description. 6gal ou sup6rieur a 2,0 lorsqu'il est mresur6 directement apr6s I'obtention des fibres. 
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19 Un objet selon una quelconquedes revendications 16 at 17. caract6ris6 enceque I'objet est P^^""P;«;^^ 
selon la revendicative 13 ou 14 ot pr^senle un module de cisaillement interne, determine selon la description. 

supeheur a 3,0. 

20. Un objet selon la revendfcation 19, caracterisa en ce que Tobjet pr6sente un module de cisaillement interne, d6- 

termine selon la description, superieur k 4,0. 
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